Abstract_. Stratospheric aerosol layers resulting from the june 1991 eruptions of Mt. Pinatubo were first observed over Laramie, Wyoming in July 1991. Atmospheric particles were collected from these layers during three balloon flights in July and August using cascade impactors. Analytical electron microscope analysis of the aerosol deposits indicated that a large majority (> 99%) of the fine particles in all three samples were collected as submicrometer aqueous H2SO 4 droplets, which changed to (NH4)2SO 4 particles over time. Other particles observed in the aerosol were larger, and consisted of supermicrometer sulfate particles and composite sulfate/crustal particles which ranged up to ~10 tam in size. Peak aerosol concentrations for r > 0.15 tam diameter particles (determined by optical particle counters) in the layers were higher for the July flights than for the August sounding. This was reflected in the electron microscope results, which showed that the July impactor samples had particulate loadings on the fine particle stages which were 20-30% higher than those from the corresponding substrate from the August sample. A detailed analysis of the fine sulfate aerosol was performed to assess whether the sulfate particles contained small condensation nuclei. Nearly all analyzed sulfate particles showed no evidence of a solid or dissolved nucleus particle, which suggests that the volcanic H2SO 4 aerosol formed through homogeneous nucleation processes. These data support heated-inlet optical particle counter data from the balloon flights which suggest that 95-98% of the volcanic particles were aqueous H2SO 4.
Introduction
The eruption of El Chichon in 1982 injected large amounts of particles and gases into the stratosphere. The decay in the concentrations of these volcanic aerosols was monitored on a routine basis by the University of Wyoming at Laramie [Hofmann, 1987] . Using balloon-borne optical particle counters (OPC's), a continuous data record of vertical aerosol concentration profiles from near the surface up to ~10 mb has been amassed. These and other data indicate that the stratospheric aerosol burden, which was severely perturbed in the early-and mid-!980's by the E1 so that its location and extent were reasonably well known at all times. Initial observations of this violent eruption indicated that the aerosol cloud injected into the stratosphere was more extensive by perhaps a factor of two than that from E1 Chichon [Smithsonian, 1991] .
Although the major portion of the Mt. Pinatubo aerosol cloud remained over the tropics, a fragment broke away and was first observed over Laramie on 16 July 1991. The cloud was originally present as a relatively thin layer at ~16-17 km altitude. Over the next two weeks, this volcanic layer thickened, and a higher layer centered at ~23 km was detected [Deshler et al., 1991] .
On several of the balloon flights during late July and early August, cascade impactors were used to sample these volcanic aerosols. In this paper, we report on electron microscope (EM) analyses of the aerosol particles, which permitted us to characterize the physical and chemical nature of the volcanic debris.
Size distribution information was obtained from the microanalyses, as were discrete particle and bulk aerosol composition, and are compared with OPC measurements.
Methods
On all flights, aerosol sampling commenced on the ascent just above the tropopause and continued for approximately 65 min up to the 37.5 km level. This permitted collection of particles from the enhanced aerosol layers at 17 and 23 km altitude. Aerosol particles were size segregated in singleorifice cascade impactors and deposited onto thin (~10-20 nm thick) formvar films supported by Ni transmission electron microscope (TEM) grids. The three impactor stages used for size fractionation had aerodynamic cutoff diameters (ACD's) of 4 tam, 1 tam and 0.25 Particles on the three thin film substrates in each sample were analyzed using a 200-kV analytical electron microscope (AEM). The central aerosol deposit area on each grid was analyzed under low magnifications (200-600X) and the extent and approximate particle loading of the deposit over the film was documented. This provided a rough estimate of total particulate loading for each stage. Next, a suitable area of each grid was chosen for a particle identification and classification study. All particles falling within a small rectangular analysis area at 20,000X magnification were counted and classified on each 1 tam and 0.25 tam ACD stage until 500 particles per stage were encountered. At this magnification, particles as small as 0.01 lam were easily observed and counted. Since the 4 stage substrates always collected few particles, formal 500-point counts of these films were not attempted.
The detector used for x-ray spectrometry was sensitive to x-rays from elements of Z > 4, which permitted direct detection of the light element x-rays of C and O in individual particles. Details of the particle counting, x-ray analysis, and particle classification procedures have been presented elsewhere [Sheridan et al., 1991] .
Results and Discussion
The three stratospheric aerosol samples were collected on 26 and 30 July, and on 14 August, 1991 (hereafter referred to in this paper as Samples #1, #2 and #3, respectively), were observed on the Sample #2 film (presumably from particle bounce from upstream stages), whereas the other 0.25 lam ACD substrates collected fewer large particles. Samples #1 and #2 showed submicrometer particle loadings which were only -30% heavier than those for Sample #3. Since similar volumes of air were sampled, this is interpreted to mean that the average fine particle concentration during the sampling period was ~30% higher for Samples #1 and #2 than for Sample #3. This is consistent with OPC data which show that peak aerosol concentrations (r > 0.15 pm particles) during collection of Samples #1 and #2 were higher by only 50-100% over those observed in Sample #3 [Deshler et al., 1991] . The increased vertical thickness of the 17 km layer in Sample #3 may have effectively decreased these differences by increasing sampling time in the aerosol-enhanced region on the 14 August flight.
Closer inspection of these fine sulfate particles revealed presence of small impaction satellite particles and because of particle overlap. We do not believe this to be a major problem in this study, however, because of the predominance of the sulfate particles on the thin films, and a slightly different number for the fraction of sulfate particles in these samples would not change our assessment of a mostly H2SO 4 aerosol. In other heavily-loaded samples that 
